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Sporadic Goitre and Cretinism Due to the Production of an Abnormal Thyroid Protein by James H Hutchison OBE m RNcp (Glasgow) Sporadic goitre and goitrous cretinism have been intensively studied in recent years in the United States, Holland, France and the United Kingdom. The use of radioiodine (181I) has made it possible to elucidate many new facts about the pathogenesis of these intriguing and not very rare cases. Some of this research has been carried out in Glasgow by the author in close collaboration with Dr E M McGirr of the Muirhead Department of Medicine, Glasgow Royal Infirmary. Those facts which are reasonably well understood at present are:
(1) These cases are genetically determined, and the various groups fall into the ever-increasing list of inborn errors of metabolism. The mode of inheritance seems usually recessive (Hutchison & McGirr 1956 ).
(2) The enzyme deficiencies which cause them may vary in severity from case to case, even within the same family. When the deficiency is complete the result is goitrous cretinism; when it is partial, goitre develops without hypothyroidism.
(3) The effect on thyroid pathology is the same irrespective of which enzyme activity is missing. Deficient production of thyroid hormone results in increased pituitary thyrotrophic activity, and this leads to intense thyroid hyperplasia. In one case histological evidence of carcinoma has been found in the hyperplastic gland (McGirr, Clement, Currie & Kennedy 1959) .
(4) At the present time, four clearly defined enzyme defects have been recognized:
(a) Failure ofthe thyroid trap or pump: The normal thyroid gland traps iodide from the blood stream to maintain a concentration which is twenty to thirty times that of the serum. The salivary glands and gastric mucosa have a similar ability. Last 31
year, Stanbury & Chapman (1960) from Boston described the first case in which this trapping mechanism, not only in the thyroid gland but also in the salivary glands and gastric mucosa, had failed. The evidence was a very low uptake of 1311 after a tracer dose; the inability of tissue slices from a thyroid biopsy to concentrate iodide or to make an appreciable amount of protein-bound iodide; and a remarkably small amount of iodine in the patient's gland.
(b) Failure of organic binding of iodide: After the thyroid gland has trapped iodide it is rapidly oxidized to elemental iodine by a perox-idase. This step is essential for the incorporation of iodine into a protein-bound complex in combination with tyrosine. When peroxidase activity is absent the thyroid gland traps iodide with excessive avidity but, as the iodide cannot be combined with protein, the administration of anions such as thiocyanate and perchlorate will cause its abrupt and immediate discharge from the gland. This test is easily performed after a tracer dose of 1311. Stanbury & Hedge reported the first cases of this type in 1950. Their frequent, if not constant, association with congenital deafness was subsequently noted in this country by Morgans & Trotter (1958) and by McGirr and myself (McGirr, Hutchison & Clement 1959a ).
(c) Failure of coupling of the iodotyrosines: In the normal gland triiodothyronine is formed by the coupling of one molecule of monoiodotyrosine with one molecule of diiodotyrosine, and thyroxine by the coupling of two molecules of diiodotyrosine. If the coupling enzyme were to be absent the result would be a hyperplastic gland which was full of the iodotyrosines but which contained little or no hormone. This defect is less well established as its demonstration requires a thyroidectomy after a large dose of 1"1I. Furthermore, the evidence in favour of absence of a coupling enzyme is indirect and only inferential. The first case was described in 1955 by Stanbury et al. It seems to be rare, and McGirr and I have -533 seen only one case in which we were reasonably satisfied that this was the true explanation.
(d) Failure of dehalogenation of the iodotyrosines: In the normal gland the iodotyrosines and iodothyronines are stored in the thyroglobulin. When the target celrs require more hormone, thyroglobulin is digested by thyroid protease. The iodothyronines thus liberated cross the cells to enter the blood, but the iodotyrosines set free at the same time do not. This is because they are deiodinated by dehalogenase and their iodine is conserved for further hormone synthesis. 'If dehalogenase activity is missing there is a constant drain of iodotyrosines from the gland to the blood and thence to the-urine. This appears to be one of the commonest.-of the thyroid inborn errors, and we have detected 24 cases. The simplest diagnostic test i;s an. oral dose ofradioactive monoiodotyrosine (1311). In normal individuals it is deiodinated so that it is excreted in the urine in the form of iodide. If there is a dehalogenase deficiency it mostly appears in the urine unchanged. Slices of thyroid tissue from such cases also fail to deiodinate labelled monoiodotyrosine in vitro in contrast to normal thyroid tissue (Querido et al. 1956 , McGirr, Hutchison & Clement 1959b ). All who have worked in this field, however, have encountered cases in which radioiodine studies yielded results which were incompatible with any of these 4 enzyme deficiencies. It has been obvious that there are other intrathyroid defects yet to be defined. From such a miscellaneous group, we have isolated 6 goitrous patients in whom our tests yielded results so similar as to suggest that they shared a common pathogenesis, the production of an abnormal iodinated thyroprotein which spilled over into the blood. Three of these were sisters with enormous goitres, although only 1 was hypothyroid at the time of examination; 2 were cretinous brothers with small goitres; the sixth case was a mildly hypothyroid boy with a moderate goitre.
Gland Uptake and Serum 131I Studies
In all of these patients the thyroid gland took up a dose of 1311 with excessive speed and in excessive amounts. Potassium perchlorate failed to cause any discharge of iodide from the gland, thus excluding a deficiency of peroxidase. Dehalogenase activity was also shown to be normal. In 4 patients a dose of radioactive monoiodotyrosine was normally deiodinated; in one, slices of thyroid tissue deiodinated monoiodotyrosine in vitro. The important common denominator in all 6 cases was found in the serum levels of 1311 estimated forty-eight hours after a tracer dose. The serum protein-bound 1311 was misleadingly high and, in fact, in the thyrotoxic range. On the other hand, there was an apparent discrepancy in that only a small proportion of the protein-bound 131iodine was extractable by butanol, which extracts thyroxine and iodotyrosines from the serum. These findings, repeated in all 6 cases, led us to believe that some abnormal iodinated compound, which was not butanol-extractable, was included with the protein-bound iodide. We made further tests on the serum of 2 of our patients. We found that the butanol-extractable fraction could not be increased by digestion with trypsin, but that it rose substantially after digestion with chymotrypsin. Furthermore, butanol extraction followed by treatment of the extract with 5 % sodium carbonate in 4N sodium hydroxide (Taurog & Chaikoff 1948) revealed that this abnormal iodoprotein contained both thyroxinelike and iodotyrosine-like compounds. It seemed, therefore, that although these patients were hypothyroid and although they had normal thyroid dehalogenase activity, both thyroxine and the iodotyrosines were, in fact, present in their serum. These compounds were, however, apparently contained within an abnormal serum protein.
Little is known as to how the protein-bound thyroid hormones in the blood of normal subjects are detached to reach their target. We presume the process is enzymatically controlled. I suggest that in our 6 patients some of the thyroid hormones are liberated from the gland abnormally bound to protein or bound to an abnormal protein. If this were so an extrathyroid enzyme might fail to act upon such an abnormal substrate. Similarly, if the iodotyrosines were incorporated in an abnormal thyroprotein, or if there was an abnormal proteolytic digestion of normal thyroglobulin, intrathyroid dehalogenase might fail to deiodinate them so permitting the escape of iodotyrosines into the blood.
A similar, but possibly not identical, abnormal iodoprotein has been found in the sera of patients with thyroid carcinoma (Robbins et al. 1955; Tata et al. 1956 ) and in 2 patients with goitrous hypothyroidism (Di George & Paschkis 1957; De Groot et al. 1958) .
Chromatographic Studies ofThyroid Tissue
In one case we were able to study the radioiodinated compounds within the thyroid gland after thyroidectomy which was performed fortyeight hours after 1 mc of 1311.
Portions of the thyroid tissue were homogenized and digested by trypsin and chymotrypsin jn barbitone buffer at pH 8 *6. Ascending chromatograms were then run in various solventsbutanol acetic acid, butanol ammonia and amyl alcohol ammonia. After drying and staining of the markers the chromatograph strips were scanned for radioactivity by passing them between two Geiger- (Fig. 1) after boiling for one hour in 2N INaOH and acidification. Triiodothyronine and thyroxine have been liberated as well as some mono-and di-iodotyrosine Muller counters connected through a rate-meter to a recording milliammeter.
A scan of a butanol acetic acid chromatogram of a trypsin digest of thyroid gland is shown in Fig 1. Iodide (zone B) , monoiodotyrosine (zone Z) and diiodotyrosine (zone X) were clearly identified. The low ratio of monoiodotyrosine to diiodotyrosine, which is abnormally low, contrasts with the abnormally high ratios found in the other types of goitre which we have studied. No thyroxine or triiodothyronine appeared after trypsin or chymotrypsin digestion. There were, however, 3 unidentified zones of radioactivity (Y, A, C). We have met with 'Y' in other types of thyroid gland and its significance is not known. Elution studies have shown that it is not diiodo-thyronine (McGirr et al. 1960) . Zone A was shown by elution studies to come, at least in part, from zone B which was iodide. The zone of real interest is 'C' which comprised the major part of the radioactivity in all the chromatograms. At first it was thought to be normal thyroglobulin which had remained undigested. It resembled thyroglobulin in being non-extractable by butanol.
However, unlike thyroglobulin it proved resistant to redigestion with trypsin when the origin of the chromatogram was placed in barbitone buffer at pH 8 6. But, when it was boiled with 2N sodium hydroxide for one hour and then acidified, 80% of its radioactivity became butanol extractable.
Chromatograms Qf the butanol extract 'run in butanol acetic acid (Fig 2) and other solvents showed that zone C had broken down mainly to thyroxine, although some mono-and di-iodotyrosine were also present. The only thyroxine in the gland appeared to be in this iodine-containing compound which remained at the origin of the chromatogram of the trypsin digest.
It is tempting to assume some relationship between this abnormal compound and the abnormal iodoprotein which was present in the serum of our patients. Both were non-extractable by butanol. They were not identical because the serum compound was broken down by digestion with chymotrypsin whereas the gland compound resisted digestion by chymotrypsin. It could be that the serum compound yielded to the action of chymotrypsin because it had previously been subjected to the action of thyroid protease before leaving the thyroid substance.
Electrophoretic Studies ofThyroid Tissue Finally, we examined extracts of the thyroid tissue by electrophoresis, using a technique described in detail elsewhere (Watson et al. 1960 ). Our experience with this method is too limited to justify any dogmatism but the results were interesting. In Fig 3 is shown an electrophoretogram of normal thyroid tissue extract. Five protein bands are present. 'Q' is of uncertain significance but we have found it in most glands examined. It may be a normal thyroprotein or it may be an artifact of our method. Certainly it is not normally iodinated. The main radioactivity is in the thyroglobulin and albumin zones. The electrophoretogram (Fig 4) from the thyroid extract of our patient showed a very different picture. Stainable thyroglobulin was not visible. There was a broad band of radioactivity which extended through and beyond the zones normally occupied by thyroglobulin and albumin. There was also a marked peak of radioactivity corresponding to the Q band and indicating that this thyroprotein was, in fact, iodinated. These are obviously significant findings. We cannot supply a wholly satisfactory explanation, but we are probably justified in our conclusion that in these 6 patients there was formed an abnormal iodinated thyroprotein. This compound, or a derivative of it, spilled over into the blood but the thyroxine contained within was apparently not released to the tissues. The goitres were presumably due to a compensatory overactivity of pituitary thyrotrophin. The relative adequacy of this compensatory effort, in relation to the demands of growth, would determine whether or not the individual patient stayed euthyroid or became hypothyroid.
The familial incidence indicates that this type of goitre is also a genetically determined inborn error of metabolism.
Summary
(1) Four types of inborn error of intrathyroid metabolism which cause sporadic goitre with or without hypothyroidism are at present reasonably well defined.
(2) A fifth is described in 6 patients in whom there was evidence of the production of an abnormal thyroid protein. This compound or a breakdown product could also be demonstrated in the serum. Although it contained thyroid hormone as well as iodotyrosines four of the 6 patients were hypothyroid.
(3) The goitres were presumed to be due to compensatory over-activity of pituitary thyrotrophin production. (4) The familial incidence indicates that this is yet another genetically determined intrathyroid deficiency.
H2molytic Mechanisms in some Hereditary Anamias by T A J Prankerd MD MRCP (London)
Cross-transfusion experiments have demonstrated a basic pathological principle underlying the pathogenesis of hmmolytic anamias. This has made it possible to relate the pathogenesis either to an abnormality of the cell or of its environment. The haemolytic anemias which have a hereditary background are all characterized by a cellular abnormality and their hereditary nature suggests that we must look at the physical and chemical structure of the red cell for an explanation of its inability to survive normally in the circulation.
There are four obvious attributes of the red cell which theoretically may be involved in cellular defects: (1) Cell shape, (2) cell membrane, (3) cell metabolism, (4) himoglobin molecule. Their relevance to the heemolytic process in this group of anemias will be considered.
(1) Cell Shape Although the normal red cell is capable of reversible transformation to any form between the normal biconcave disc and a sphere of the same surface area it is most likely that the deformed shape of abnormal red cells, which is irreversible, is a consequence of some change in chemical structure, involving the membrane or the heemoglobin molecule, or a change in metabolism. However, knowledge of the relationships between shape and structure is still slight and it is useful to consider shape changes as separate entities although they presumably must have a molecular cause. Two predominant abnormalities of shape are found in hwmolytic diseases with a number of less common ones.
Leptocytes, which are flat red cells with increased osmotic resistance, often have an increased diameter. The extreme form is the target cell. Such cells usually have a shortened life span if transfused into normal subjects, but an exception to this generalization are the thin cells of iron deficiency anmmia which have a normal survival (Table 1) . These cells do not have an increased diameter and this may be the important factor underlying the difference in cell survival. Target cells are commonly seen in thalassamia and the himoglobinopathies, and those heemolytic states associated with abnormal hlmoglobins always show target cells in their circulation.
Spherocytes are cells with decreased osmotic resistance and they invariably have a shortened survival. These cells are a characteristic of hereditary spherocytosis, but in this disease it is probably not the cell shape which is the primary cause
